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7KHPDLQREMHFWLYHRIWKHUHVHDUFKLVDSURGXFWLRQRIUHDG\PL[HG8+3&ZKLFKFDQEHGHOLYHUHGWRWKHVLWH
ZLWKLQ DQ XVXDO GLVWDQFH VLPLODU WR WKDW RI WKHRUGLQDU\ FRQFUHWH ,QRUGHU WRSURGXFH D FRQFUHWHZKLFK FRXOGEH
FRPSHWLWLYHRQ WKHPDUNHW LW LVQHFHVVDU\ WRXVH WKH ORFDOFRQVWLWXHQWV7KHGHILQLWLRQRI WKH8+3&LVQRWVWULFWO\





+LJK VWUHQJWK DQG GXUDELOLW\ LV HQVXUHG E\ KLJK GHQVLW\ RI WKHPDWHULDO DQG LWV ORZSRURVLW\%HFDXVH RI WKLV




PL[ 7KH VL]H DQG VKDSH RI DJJUHJDWHV ZHUH HYDOXDWHG EHIRUH WKHLU VHOHFWLRQ IRUPL[LQJ $OVR WKH LQWHUDFWLRQ RI




,Q WKH VHFRQGVWHS WKHFHPHQWPRUWDUVZHUHPL[HGDQG WHVWHG ,W FRXOGEHGRQH LQ ODERUDWRU\FRQGLWLRQV$IWHU
HYDOXDWLRQRIWKHVWUHQJWKDQGZRUNDELOLW\WKHPRVWVXFFHVVIXOFRPSRVLWLRQVZHUHVHOHFWHGIRUPL[LQJRIFRQFUHWH
7KHDJJUHJDWHXS WR WKHVL]HRIPPZDVXVHG)LQDOO\DOVR WKH ILEUHVZHUHDGGHG LQRUGHU WRDYRLGYHU\EULWWOH
EHKDYLRXURI WKHGHYHORSHG8+3&$ERXWFRQFUHWHPL[HVZHUHH[DPLQHG7KHPL[LQJSURFHVVDSSHDUHG WREH
YHU\ LPSRUWDQW IRU WKH 8+3& SURSHUWLHV 7KH GHYHORSHG FRQFUHWH FRPSRVLWLRQV ZHUH PL[HG LQ D QRUPDO VL]H






0DQ\ WHVWV ZHUH PDGH RQ WKH KDUGHQHG 8+3& 7KH FRPSUHVVLRQ VWUHQJWK ZDV PHDVXUHG RQ WKH VWDQGDUG
F\OLQGHUVRQWKHFXEHVRIWKHVL]HPPDQGPPDQGRQIUDFWLRQVRIVPDOOEHDPV[[PPDIWHU




 [ PPZLWKRXW WKH QRWFK 7KHPRGXOXV RI HODVWLFLW\ ZDVPHDVXUHG RQ VWDQGDUG F\OLQGHUV 7KH LQGLYLGXDO
UHVXOWVDUHYHU\GLIIHUHQW7KH UHVXOWVREWDLQHG IURPVPDOO VSHFLPHQVSURYLGH VLJQLILFDQWO\KLJKHUFRPSUHVVLRQDV
ZHOO DV IOH[XUDO VWUHQJWK7KHFRPSUHVVLRQVWUHQJWKPHDVXUHGRQVWDQGDUGF\OLQGHUV LV WDNHQDVDFULWHULRQ IRU WKH






$GGLWLRQDO WHVWV ZHUH H[HFXWHG LQ RUGHU WR PHDVXUH VKULQNDJH FUHHS GHYHORSPHQW RI KHDW RI K\GUDWLRQ DQG
UHVLVWDQFHDJDLQVWGHLFLQJVDOWVDQGIUHH]LQJWKDZLQJF\FOHV&UHHSDQGGU\LQJVKULQNDJHLV ORZHUWKDQWKDWRIWKH
RUGLQDU\FRQFUHWHZKLOHWKHDXWRJHQHRXVVKULQNDJHLVVLJQLILFDQWO\ODUJHU7KHIDVWVWUDLQLQFUHDVHZLWKLQ












































$IWHUGHYHORSPHQWRIFRQFUHWHPL[ WKH WUDQVSRUW DQGSRXULQJFRQGLWLRQVZHUH LQYHVWLJDWHG)UHVK8+3&ZHUH
ORDGHG WR WKH WUXFN PL[HU DQG WUDQVSRUWHG WR WKH VLWH 7KH SDQHOV RI WKH OHQJWK  P ZHUH FDVW )LJ  9DULRXV
FRQVLVWHQFLHVZHUH WHVWHG DQG ILQDOO\ WKH IRUPRI VHOIFRPSDFWLQJ8+3&DSSHDUHG WREH WKHPRVW FRQYHQLHQW IRU





7KH VWUXFWXUDO HOHPHQWV DUH RIWHQ SUHVWUHVVHG DQG UHLQIRUFHG 7KH KLJK VWUHQJWK RI 8+3& LQIOXHQFHV WKH
LQWHUDFWLRQZLWKVWHHO7KHWHVWVRIDQFKRUDJH]RQHVDQGWKHWHVWVRIERQGZHUHFDUULHGRXW
$QFKRUDJH]RQHV
7KH DQFKRUDJH ]RQHV RI SUHVWUHVVLQJ XQLWV PXVW EH QRUPDOO\ KHDYLO\ UHLQIRUFHG DJDLQVW LQ RUGHU WR FDUU\ WKH
WHQVLOH VWUHVVHV LQ WUDQVYHUVDO GLUHFWLRQ 7KH VSULQJ VKDSH VWHHO EDUV LV XVHG PRVW RIWHQ XQGHU WKH DQFKRUV 7KH
VWUXFWXUHV PDGH RI 8+3& DUH PXFK PRUH WKLQZDOOHG DQG WKHUH LV D YHU\ OLPLWHG VSDFH 7KH REMHFWLYH RI WKH
H[SHULPHQWVZDV WRYHULI\ WKHEHKDYLRXURI WKHDQFKRUDJH]RQHVXEMHFWHG WR WKH ORDGLQJE\ WKHSUHVWUHVVLQJIRUFH
D      E



















VWHHOEDUV LQWRFRQFUHWH7KH VPDOOHUGLPHQVLRQVRIVWUXFWXUHVPDGHRI8+3&UHTXLUHV UHGXFWLRQRI WKHDQFKRULQJ
OHQJWKRIWKHVWHHOEDUV7KHWHVWVZHUHFDUULHGRXWZKLFKYHULILHGWKHQHFHVVDU\DQFKRUDJHOHQJWKRIWKHVWHHOEDUV










7KH DYHUDJH ERQG VWUHVV ZDV FDOFXODWHG XVLQJ D VLPSOLILHG DVVXPSWLRQ WKDW WKH ERQG VWUHVV LV XQLIRUPO\
GLVWULEXWHGDORQJWKHFRQWDFWDUHDRIWKHVWHHODQGFRQFUHWH7KHGLDJUDPLQ)LJVKRZVWKHDYHUDJHERQGVWUHVVLQ
GHSHQGHQFHRQWKHVOLSRIWKHEDU7KHPD[LPXPERQGVWUHVVRI03DZDVDFKLHYHGZKHQWKHDQFKRULQJOHQJWK
ZDVRQ WKH OLPLW RI GLDPHWHUV ,I WKH DQFKRUDJH OHQJWK LV ORQJHU WKH VWHHO IDLOV HDUOLHU WKDQ WKHPD[LPXPERQG
VWUHVVFDQEHDFKLHYHG)RUFRPSDULVRQ WKHUHLVDFXUYHVKRZLQJWKHERQGVWUHVVRIWKHVWHHOEDUHPEHGGHGLQWKH
RUGLQDU\ FRQFUHWH RI WKH GHVLJQ FODVV& 7KHPD[LPXP DYHUDJH ERQG VWUHVV ZDV RQO\ DERXW 03D7KH
REWDLQHG UHVXOWV FOHDUO\ VKRZ WKDW WKH DQFKRULQJ OHQJWK RI VWHHO EDUV LQ 8+3& FDQ EH VLJQLILFDQWO\ UHGXFHG LQ
FRPSDULVRQZLWKWKDWLQRUGLQDU\FRQFUHWH
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WKH OHQJWKZDVUHGXFHG WRP)LJDQG7KHGHFNKDGRQO\ WZR WUDQVYHUVDO ULEV7KHVODE LVGHVLJQHG WR
FDUU\WKHORDGLQGXFHGE\SHGHVWULDQVF\FOLVWVDQGE\DVPDOOFDU7KHPDMRUORDGLVLQGXFHGE\WKHFDUZLWKWKHD[LDO
ORDG N17KH ORDG RQ RQHZKHHO LV  N1 LQFOXGLQJ WKH G\QDPLF HIIHFW WKH ORDG N1ZDV DVVXPHG7KH
UHVLVWDQFHRIWKHGHFNZDVUDWKHUKLJKILQDOO\LWIDLOHGXQGHUWKHORDGN1ORFDWHGDWWKHFHQWUH$GGLWLRQDOWHVWV






8+3& LVDSURPLVLQJEXWH[SHQVLYHPDWHULDO9HU\ OLWWOH H[SHULHQFH LVDYDLODEOHDW WKHPRPHQW7KHH[WHQVLYH
H[SHULPHQWDO SURJUDPV DUH QHFHVVDU\ IRU XQGHUVWDQGLQJ RI WKH EHKDYLRXU RI 8+3& XQGHU GLIIHUHQW ORDGLQJ
FRQGLWLRQV7KHH[SHULPHQWVGHVFULEHGLQWKHSDSHUVKRXOGFRQWULEXWHWRWKLVJRDO7KHPDWHULDOWHVWVPXVWEHFOHDUO\
GHILQHG EHFDXVH RI GLIIHUHQW UHVXOWV RQ GLIIHUHQW VSHFLPHQV 7KH WHVWV RQ DQFKRUDJH ]RQHV DQG WKH SXOORXW WHVWV
VKRZHG SURPLVLQJ UHVXOWV ZKLFK FDQ VLPSOLI\ WKH SURGXFWLRQ RI VWUXFWXUHV PDGH RI 8+3& DQG HYHQ UHGXFH WKH
GLPHQVLRQV RI WKH UHJLRQV ZLWK VWUHVV FRQFHQWUDWLRQV *RRG UHVSRQVH ZDV REVHUYHG DOVR WKHUH ZKHUH QR
UHLQIRUFHPHQWZLWKH[FHSWLRQRIILEUHVZDVXVHG7KHGHVLJQPHWKRGVIRUHOHPHQWVDQGVWUXFWXUHVPDGHRI8+3&
VWLOO DUHQRW DYDLODEOH([SHULPHQWDO YHULILFDWLRQRI WKH VWUXFWXUDO HOHPHQWV LV QHFHVVDU\ IRU WKHYHULILFDWLRQRI WKH
GHVLJQDVVXPSWLRQV7KHPRGHORI WKH IRRWEULGJHGHFNH[KLELWHGH[FHOOHQWSHUIRUPDQFHZKLFKZLOOJXDUDQWHH WKH
UHOLDEOHDQGVDIHIXQFWLRQRIWKHIRRWEULGJH
$FNQRZOHGJHPHQW
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